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Description 

[0001 ] This invention relates to the use of drug eluting 
stents lessening restenosis of body lumens and to intra- 
luminal stents having anti-thrombosis and anti-resteno- 
sis properties and their production. 
[0002] Restenosis is the reclosure of a peripheral or 
coronary artery following trauma to that artery caused 
by efforts to open a stenosed portion of the artery, such 
as, for example, by balloon dilation, ablation, atherecto- 
my or lasertreatment of the artery. Forthese angioplasty 
procedures, restenosis occurs at a rate of about 20-50% 
depending on the definition, vessel location, lesion 
length and a number of other morphological and clinical 
variables. Restenosis is believed to be a natural healing 
reaction to the injury of the arterial wall that is caused 
by angioplasty procedures. The healing reaction begins 
with the thrombotic mechanism at the site of the injury. 
The final result of the complex steps of the healing proc- 
ess can be intimal hyperplasia, the uncontrolled migra- 
tion and proliferation of medial smooth muscle cells, 
combined with their extracellular matrix production, until 
the artery is again stenosed or occluded. 
[0003] In an attempt to prevent restenosis, metallic in- 
travascular stents have been permanently implanted in 
coronary or peripheral vessels. The stent is typically in- 
serted by catheter into a vascular lumen and expanded 
into contact with the diseased portion of the arterial wall, 
thereby providing mechanical support for the lumen. 
However, it has been found that restenosis can still oc- 
cur with such stents in place. Also, the stent itself can 
cause undesirable local thrombosis. To address the 
problem of thrombosis, persons receiving stents also re- 
ceive extensive systemic treatment with anticoagulant 
and antiplatelet drugs. 

[0004] To address the restenosis problem , it has been 
proposed to provide stents which are seeded with en- 
dothelial cells (see Dichek et al., Circulation 80: 
1347-1353 (1989)). As reported by Dichek et al., sheep 
endothelial cells that had undergone retrovirus -mediat- 
ed gene transfer for either bacterial beta-galactosidase 
or human tissue-type plasminogen activator were seed- 
ed onto stainless steel stents and grown until the stents 
were covered. The cells were therefore able to be de- 
livered to the vascular wall where they could provide 
therapeutic proteins. Other methods of providing thera- 
peutic substances to the vascular wall by means of 
stents have also been proposed, eg. in international pat- 
ent applications WO 91/12779 and WO 90/13332. In 
those applications, it is suggested that antiplatelet 
agents, anticoagulant agents, antimicrobial agents, an- 
ti-inflammatory agents, antimetabolic agents and other 
drugs could be supplied in stents to reduce the inci- 
dence of restenosis. Furthermore, other vasoreactive 
agents such as nitric oxide releasing agents could also 
be used. 

[0005] EP-A-604022 proposes the use of a stent of 
laminated construction in which one layer is selected for 



its physical properties and additional layers are selected 
for their ability to release various drugs upon implanta- 
tion. 

[0006] In the vascular graft art, it has been noted that 
5 fibrin can be used to produce a biocompatible surface. 
For example, in an article by Soldani et al., "Bioartificial 
Polymeric Materials Obtained from Blends of Synthetic 
Polymers with Fibrin and Collagen" in International 
Journal of Artificial Organs, Vol. 14, No. 5, 1991, poly- 
urethane is combined with fibrinogen and cross-linked 
with thrombin and then made into vascular grafts. In vivo 
tests of the vascular grafts reported in the Soldani et al. 
article indicated that the fibrin facilitated tissue ingrowth 
and was rapidly degraded and reabsorbed. Also EP-A- 
366564 (Terumo Kabushiki Kaisha) discloses a medical 
device such as an artificial blood vessel, catheter or ar- 
tificial internal organ which is made from a polymerized 
protein such as fibrin. The fibrin is said to be highly non- 
thrombogenic and tissue compatible and promotes the 
uniform propagation of cells that regenerate the intima. 
Also, in an article by Gustietal., "NewBiolized Polymers 
for Cardiovascular Applications", in Life Support Sys- 
tems, Vol. 3, Suppl. 1, 1986, "biolized" polymers were 
made by mixing synthetic polymers with fibrinogen and 
cross-linking them with thrombin to improve tissue in- 
growth and neointima formation as the fibrin biode- 
grades. Also, in an article by Haverich et al., "Evaluation 
of Fibrin Seal in Animal Experiments", Thoracic Cardi- 
ovascular Surgeon, Vol. 30, No. 4, pp. 215-22, 1 982, the 
authors report the successful sealing of vascular grafts 
with fibrin. In EP-A-566245 (corresponding to USSN 
08/079222) it is disclosed that the problem of restenosis 
can be addressed by the use of fibrin in an intravascular 
stent. However, it would be desirable to provide a fibrin- 
based stent in which the stent also has a drug delivery 
capability that would allow drugs to be delivered locally 
to the site of a potential restenosis and then elute over 
a period of days to treat the blood vessel in the initial 
stages of restenosis and thereby prevent or limit reste- 
nosis. 

[0007] An intraluminal stent comprising fibrin can pro- 
vide a suitable device to administer drugs for treatment 
of restenosis. Fibrin is a naturally occurring bioabsorb- 
able polymer of fibrinogen that arises during blood co- 
agulation. As set forth above, providing fibrin at the site 
of treatment can provide a readily tolerated, bioabsorb- 
able surface which will interact in a natural manner with 
the body's healing mechanism and reduce the prospect 
for the intimal hyperplasia that causes restenosis. Local 
administration of drugs via the fibrin matrix of the stent 
can further reduce the prospect of restenosis. A signifi- 
cant problem in this regard however is how to provide a 
therapeutically useful amount of a substance in a rela- 
tively small fibrin stent. 

[0008] It has now been found that this may be accom- 
plished without affecting the strength of the overall fibrin 
stent structure by providing in the stent body a layer in- 
corporating a polymer and the therapeutic substance 
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and then overcoating this with a second layer including 
fibrin, and which consequently includes little or none of 
the therapeutic agent. 

[0009] Thus viewed from one aspect the invention 
provides a drug eluting intravascular stent comprising: 
(a) a generally cylindrical stent body; (b) a solid com- 
posite of fibrin and a therapeutic substance in an adher- 
ent layer on the stent body; and (c) fibrin in an adherent 
layer on the composite. 

[001 0] Viewed from a further aspect, the invention al- 
so provides a method of producing such a stent, said 
method comprising the steps of: (a) providing a gener- 
ally cylindrical stent body; (b) forming on said stent body 
a layer of a solid composite of fibrin and therapeutic sub- 
stance; and (c) forming over said composite a layer of 
fibrin. 

[001 1 ] The stent body of the stent of the invention may 
have many configurations and the generally cylindrical 
shape is such that it is adapted for positioning within a 
body lumen. 

[0012] In one preferred embodiment of the invention, 
a solution which includes a solvent, fibrin dissolved in 
the solvent and a therapeutic drug dispersed in the sol- 
vent is applied to the structural elements of the stent and 
then the solvent is evaporated. Fibrin is then added over 
the coated structural elements. The inclusion of fibrin in 
intimate contact with a drug on the underlying stent 
structure allows the drug to be retained on the stent in 
a resilient matrix during expansion of the stent and also 
slows the administration of drug following implantation. 
This method can be used whether the stent has a me- 
tallic or polymeric surface. The method is also an ex- 
tremely simple method since it can be applied by simply 
immersing the stent into the solution or by spraying the 
solution onto the stent. The amount of drug to be includ- 
ed on the stent can be readily controlled by applying 
multiple thin coats of the solution while allowing it to dry 
between coats. The overall coating should be thin 
enough so that it will not significantly increase the profile 
of the stent for intravascular delivery by catheter. It is 
therefore preferably less than about 50.8 j_im (0.002 
inch) thick and most preferably less than 25.4 u.m (0.001 
inch) thick. The adhesion of the coating and the rate at 
which the drug is delivered can be controlled by the se- 
lection of an appropriate bioabsorbable or biostable pol- 
ymer and by the ratio of drug to fibrin in the solution. By 
this method, drugs such as glucocorticoids (e.g. dexam- 
ethasone, betamethasone), heparin, hirudin, tocophe- 
rol, angiopeptin, aspirin, ACE inhibitors, growth factors, 
oligonucleotides, and, more generally, antiplatelet 
agents, anticoagulant agents, antimitotic agents, anti- 
oxidants, antimetabolite agents, and anti-inflammatory 
agents can be applied to a stent, retained on a stent 
during expansion of the stent and elute the drug at a 
controlled rate. The release rate can be further control- 
led by varying the ratio of drug to fibrin in the multiple 
layers. 

[0013] The coating of fibrin and drug on the stent is 



achieved by forming a first fibrin layer on the stent body 
by applying fibrinogen and thrombin to the stent; while 
the fibrin layer is polymerizing, applying a layer of a ther- 
apeutic substance to the polymerizing fibrin layer; and 

5 overcoating the therapeutic substance and fibrin with a 
second fibrin layer. Alternatively, the therapeutic sub- 
stance can be dispersed in a solution of fibrinogen which 
is applied to a stent body and thrombin can then be add- 
ed in order to effect polymerization of the fibrinogen and 

10 to provide a fibrin matrix to contain the therapeutic sub- 
stance. According to this method the amount of thera- 
peutic substance to be delivered by the stent can be 
controlled by employing multiple layers of fibrin and ther- 
apeutic substance. 

15 [0014] Fibrin is a naturally occurring polymer of fibrin- 
ogen that arises during blood coagulation. 
[0015] Blood coagulation generally requires the par- 
ticipation of several plasma protein coagulation factors: 
factors XII, XI, IX, X, VIII, VII, V, XIII, prothrombin, and 

20 fibrinogen, in addition to tissue factor (factor III), kal- 
likrein, high molecular weight kininogen, Ca 2+ , and 
phospholipid. The final event is the formation of an in- 
soluble, cross-linked polymer, fibrin, generated by the 
action of thrombin on fibrinogen. Fibrinogen has three 

25 pairs of polypeptide chains (ALPHA 2 - BETA 2 - GAM- 
MA 2) covalently linked by disulfide bonds with a total 
molecular weight of about 340000. Fibrinogen is con- 
verted to fibrin through proteolysis by thrombin. An ac- 
tivation peptide, fibrinopeptide A (human) is cleaved 

30 from the amino-terminus of each ALPHA chain; fibri- 
nopeptide B (human) from the amino-terminus of each 
BETA chain. The resulting monomer spontaneously po- 
lymerizes to a fibrin gel. Further stabilization of the fibrin 
polymer to an insoluble, mechanically strong form, re- 

35 quires cross-linking by factor XIII. Factor XIII is convert- 
ed to XI I la by thrombin in the presence of Ca 2+ . Xllla 
cross-links the GAMMA chains of fibrin by transglutam- 
inase activity, forming EPSILON - (GAMMA -glutamyl) 
lysine cross-links. The ALPHA chains of fibrin also may 

40 be secondarily cross-linked by transamidation. 

[001 6] Since fibrin blood clots are naturally subject to 
fibrinolysis as part of the body's repair mechanism, im- 
planted fibrin can be rapidly biodegraded. Plasminogen 
is a circulating plasma protein that is adsorbed onto the 

45 surface of the fibrin polymer. The adsorbed plasmino- 
gen is converted to plasmin by plasminogen activator 
released from the vascular endothelium. The plasmin 
will then break down the fibrin into a collection of soluble 
peptide fragments. 

50 [0017] Methods for making fibrin and forming it into 
implantable devices are well known, as described in the 
following patent publications. In US-A-4548736 (Muller 
et al.), fibrin is clotted by contacting fibrinogen with a 
fibrinogen-coagulating protein such as thrombin, repti- 

55 laseorancrod. Preferably, the fibrin in the fibrin-contain- 
ing stent of the present invention has Factor XIII and 
calcium present during clotting, as described in US-A- 
3523807 (Gerendas), or as described in EP-A-366564, 
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in order to improve the mechanical properties and bi- 
ostability of the implanted device. Also preferably, the 
fibrinogen and thrombin used to make fibrin in the 
present invention are from the same animal or human 
species as that in which the stent of the present inven- 
tion will be implanted in order to avoid cross-species im- 
mune reactions. The resulting fibrin can also be subject- 
ed to heat treatment at about 150°Cfor2 hours in order 
to reduce or eliminate antigenicity. In US-A-4548736 
(Muller et al.) the fibrin product is in the form of a fine 
fibrin film produced by casting the combined fibrinogen 
and thrombin in a film and then removing moisture from 
thefilm osmotically through a moisture permeable mem- 
brane. In EP-A-366564, a substrate (preferably having 
high porosity or high affinity for either thrombin or fibrin- 
ogen) is contacted with a fibrinogen solution and with a 
thrombin solution. The result is a fibrin layer formed by 
polymerization of fibrinogen on the surface of the de- 
vice. Multiple layers of fibrin applied by this method 
could provide a fibrin layer of any desired thickness. Or, 
as in US-A-3523807 (Gerendas), the fibrin can first be 
clotted and then ground into a powder which is mixed 
with water and stamped into a desired shape in a heated 
mold. Increased stability can also be achieved in the 
shaped fibrin by contacting the fibrin with a fixing agent 
such as glutaraldehyde or formaldehyde. These and 
other methods known by those skilled in the art for mak- 
ing and forming fibrin may be used in the present inven- 
tion. 

[0018] Preferably, the fibrinogen used to make the fi- 
brin is a bacteria-free and virus-free fibrinogen such as 
that described in US-A-4540573 (Neurath et al.). The 
fibrinogen is used in solution with a concentration be- 
tween 10 and 50 mg/ml and with a pH of 5.8-9.0 and 
with an ionic strength of 0.05 to 0.45. The fibrinogen so- 
lution also typically contains proteins and enzymes such 
as albumin, fibronectin (0-300 uxj per ml fibrinogen), 
Factor XIII (0-20 j_ig per ml fibrinogen), plasminogen 
(0-210 (ig per ml fibrinogen), antiplasmin (0-61 jag per 
ml fibrinogen) and Antithrombin III (0-150 jag per ml fi- 
brinogen). The thrombin solution added to make the fi- 
brin is typically at a concentration of 1 to 120 NIH units/ 
ml with a preferred concentration of calcium ions be- 
tween 0.02 and 0.2 M. 

[0019] Preferably the coagulating effect of any resid- 
ual coagulation protein in the fibrin should be neutralized 
before employing it in the stent of the present invention 
in order to prevent clotting at the fibrin interface with 
blood after stent implantation. This can be accom- 
plished, for example, by treating the fibrin with irrevers- 
ible coagulation inhibitor compounds or heat after po- 
lymerization. For example, hirudin or D-phenylalanyl- 
propyl-arginine chloromethyl ketone (PPACK) could be 
used. Anti-coagulants such as heparin can also be add- 
ed to reduce the possibility of further coagulation. To en- 
sure the effectiveness of the treatment with coagulation 
inhibitor or anti-coagulant it may be desirable to apply 
such materials within 30 minutes before implantation of 



the device. 

[0020] Polymeric materials can also be intermixed in 
a blend or co-polymer with the fibrin to produce a mate- 
rial with the desired properties of fibrin with improved 

5 structural strength. For example, the polyurethane ma- 
terial described in the article by Soldani et al., "Bioarti- 
ficial Polymeric Materials Obtained from Blends of Syn- 
thetic Polymers with Fibrin and Collagen" in Internation- 
al Journal of Artificial Organs, Vol. 1 4, No. 5, 1 991 , could 

10 be sprayed onto a suitable stent structure. Suitable pol- 
ymers could also be biodegradable polymers such as 
polyphosphate ester, polyhydroxybutyrate valerate, pol- 
yhydroxybutyrate-co-hydroxyvalerate and the like. 
[0021] Also, the stent could be made with a porous 

15 polymeric sheet material into which fibrin is incorporat- 
ed. Such a sheet material could be made, for example, 
as a polyurethane by dissolving a polyether urethane in 
an organic solvent such as methyl-2-pyrrolidone; mixing 
into the resulting polyurethane solution a crystalline, 

20 particulate material like salt or sugar that is not soluble 
in the solvent; casting the solution with particulate ma- 
terial into a thin film; and then applying a second solvent, 
such as water, to dissolve and remove the particulate 
material, thereby leaving a porous sheet. The porous 

25 sheet could then be placed into a fibrinogen solution in 
order to fill the pores with fibrinogen followed by appli- 
cation of a solution of thrombin and fibrinogen to the sur- 
face of the sheet to establish a fibrin matrix that occupies 
both the surface of the sheet and the pores of the sheet. 

30 Preferably, a vacuum would be pulled on the sheet to 
insure that the fibrinogen applied to the sheet is received 
into the pores. 

[0022] The shape for the fibrin can be provided by 
molding processes. For example, the mixture can be 

35 formed into a stent having essentially the same shape 
as the stent shown in US-A-4886062 (Wiktor). Unlike 
the method for making the stent disclosed in Wiktor 
which is wound from a wire, the stent made with fibrin 
can be directly molded into the desired open-ended tu- 

40 bular shape. 

[0023] In US-A-4548736 (Muller et al.), a dense fibrin 
composition is disclosed which can be a bioabsorbable 
matrix for delivery of drugs to a patient. Such a fibrin 
composition can also be used in the present invention 

45 by incorporating a drug or other therapeutic substance 
useful in diagnosis or treatment of body lumens to the 
fibrin provided on the stent. The drug, fibrin and stent 
can then be delivered to the portion of the body lumen 
to be treated where the drug may elute to affect the 

50 course of restenosis in surrounding luminal tissue. Ex- 
amples of drugs that are thoughtto be useful inthetreat- 
ment of restenosis are disclosed in international patent 
application WO 91/12779. Useful drugs for treatment of 
restenosis and drugs that can be incorporated in the fi- 

55 brin and used in the present invention can include drugs 
such as anticoagulant drugs, antiplatelet drugs, antime- 
tabolite drugs, anti-inflammatory drugs and antimitotic 
drugs. Further, other vasoreactive agents such as nitric 
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oxide releasing agents could also be used. Such thera- 
peutic substances can also be microencapsulated prior 
to their inclusion in the fibrin. The micro-capsules then 
control the rate at which the therapeutic substance is 
provided to the blood stream or the body lumen. This 
avoids the necessity for dehydrating the fibrin as set 
forth in US-A-4548736 (Muller et al.), since a dense fi- 
brin structure would not be required to contain the ther- 
apeutic substance and limit the rate of delivery from the 
fibrin. For example, a suitable fibrin matrix for drug de- 
livery can be made by adjusting the pH of the fibrinogen 
to below about pH 6.7 in a saline solution to prevent pre- 
cipitation (e.g. NaCI, CaCI, etc.), adding the microcap- 
sules, treatingthefibrinogen with thrombin and mechan- 
ically compressing the resulting fibrin into athinfilm. The 
microcapsules which are suitable for use in this inven- 
tion are well known. For example, the materials and 
techniques disclosed in US-A-4897268, US-A- 
4675189; US-A-4542025; US-A-4530840; US-A- 
4389330; US-A-4622244; US-A-446431 7; and US-A- 
4943449 could be used. Alternatively, in a method sim- 
ilar to that disclosed in US-A-4548736 (Muller et al.), a 
dense fibrin composition suitable for drug delivery can 
be made without the use of microcapsules by adding the 
drug directly to the fibrin followed by compression of the 
fibrin into a sufficiently dense matrix that a desired elu- 
tion rate for the drug is achieved. In yet another method 
for incorporating drugs which allows the drug to elute at 
a controlled rate, a solution which includes a solvent, 
fibrin dissolved in the solvent and a therapeutic drug dis- 
persed in the solvent is applied to the structural ele- 
ments of the stent and then the solvent is evaporated. 
Fibrin is then added over the coated structural elements 
in an adherent layer. The inclusion of fibrin in intimate 
contact with a drug on the underlying stent structure al- 
lows the drug to be retained on the stent in a resilient 
matrix during expansion of the stent and also slows the 
administration of drug following implantation . The meth- 
od can be applied whether the stent has a metallic or 
polymeric surface. The method is also an extremely sim- 
ple method since it can be applied by simply immersing 
the stent into the solution or by spraying the solution on- 
to the stent. The amount of drug to be included on the 
stent can be readily controlled by applying multiple thin 
coats of the solution while allowing it to dry between 
coats. The overall coating should be thin enough so that 
it will not significantly increase the profile of the stent for 
intravascular delivery by catheter. It is therefore prefer- 
ably less than about 50.8 |_im (0.002 inch)thickand most 
preferably less than 25.4 u,m (0.001 inch) thick. The ad- 
hesion of the coating and the rate at which the drug is 
delivered can be controlled by the selection of an appro- 
priate bioabsorbable or biostable polymer and by the ra- 
tio of drug to polymer in the solution. By this method, 
drugs such as glucocorticoids (e.g. dexamethasone, 
betamethasone), heparin, hirudin, tocopherol, angi- 
opeptin, aspirin, ACE inhibitors, growth factors, oligonu- 
cleotides, and, more generally, antiplatelet agents, an- 



ticoagulant agents, antimitotic agents, antioxidants, an- 
timetabolite agents, and anti-inflammatory agents can 
be applied to a stent, retained on a stent during expan- 
sion of the stent and elute the drug at a controlled rate. 

5 The release rate can be further controlled by varying the 
ratio of drug to fibrin in the multiple layers. For example, 
a higher drug-to-fibrin ratio in the outer layers than in 
the inner layers would result in a higher early dose which 
would decrease overtime. 

w [0024] According to the invention, the coating of fibrin 
and drug on the stent is achieved by forming a first fibrin 
layer on the stent body which incorporates the therapeu- 
tic substance and then applying a second layer of fibrin. 
One way this may be accomplished is by applying fibrin- 
's ogen and thrombin to the stent; while the fibrin layer is 
polymerizing, applying a layer of a therapeutic sub- 
stance to the polymerizing fibrin layer; and then over- 
coating the therapeutic substance and fibrin with a sec- 
ond fibrin layer. According to this method the amount of 

20 therapeutic substance to be delivered by the stent can 
be controlled by employing multiple layers of fibrin and 
therapeutic substance. For example, to incorporate dex- 
amethasone into a stent the stent body is first wetted 
with a fibrinogen solution (e.g. 5 mg/ml) and then wetted 

25 with a thrombin solution (e.g. 12 NIH units/ml) in order 
to form fibrin on the stent surface. After 2-3 minutes, 
while the surface is still tacky, apply a known concen- 
tration of dexamethasone powder to the tacky fibrin. 
This can be accomplished by any number of methods, 

30 including rolling or spraying the powder onto the fibrin. 
After about 5 minutes at room temperature, the dexam- 
ethasone-coated stent is ready to be coated with the 
second layer of fibrin. This can be accomplished in a 
mold as described below. In yet another way this em- 

35 bodiment of the invention can be carried out, a water 
dispersible (or soluble) therapeutic substance is dis- 
persed in the fibrinogen solution and this solution is ap- 
plied to a stent body. Thrombin is added to polymerize 
the fibrinogen on the stent body and thereby produce a 

40 fibrin with a therapeutic substance incorporated in the 
fibrin matrix. The first fibrin layer can then be provided 
with the second fibrin coating. 

[0025] The term "stent" herein means any device 
which when placed into contact with a site in the wall of 

45 a lumen to be treated, will also place fibrin at the lumen 
wall and retain it at the lumen wall. This can include es- 
pecially devices delivered percutaneously to treat coro- 
nary artery occlusions and to seal dissections or aneu- 
rysms of splenic, carotid, iliac and popliteal vessels. The 

50 stent can also have underlying polymeric or metallic 
structural elements onto which the fibrin is applied orthe 
stent can be a composite of fibrin intermixed with a pol- 
ymer. For example, a deformable metal wire stent such 
as that disclosed in US-A-4886062 (Wiktor) could be 

55 coated with fibrin as set forth above in one or more coats 
(i.e. polymerization of fibrin on the metal framework by 
application of a fibrinogen solution and a solution of a 
fibrinogen-coagulating protein) or provided with an at- 
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tached fibrin preform such as an encircling film of fibrin 
made as set forth above (i.e. a cast film as set forth in 
US-A-4548736 (Muller et al.)). The stent and fibrin could 
then be placed onto the balloon at a distal end of a bal- 
loon catheter and delivered by conventional percutane- 
ous means (e.g. as in an angioplasty procedure) to the 
site of the restriction or closure to be treated where it 
would then be expanded into contact with the body lu- 
men by inflating the balloon. The catheter can then be 
withdrawn, leaving the fibrin stent of the present inven- 
tion in place at the treatment site. The stent may there- 
fore provide both a supporting structure for the lumen at 
the site of treatment and also a structure supporting the 
secure placement of fibrin at the lumen wall. 
[0026] The invention will now be described further by 
way of example and with reference to the accompanying 
drawings in which : 

Fig. 1 is an elevational view of a balloon catheter 
with a metallic stent including a fibrin coating; 
Fig. 2 is an elevational view of a balloon catheter 
with a metallic stent including a fibrin film; 
Fig. 3 is an elevational view of a polymeric stent in- 
corporating fibrin according to the present inven- 
tion; 

Figs. 4-1 0 illustrate a method of making a stent ac- 
cording to the present invention (Fig. 4 is an eleva- 
tional view of a stent and rigid tube into which the 
stent is inserted, 

Fig. 5 is an elevational view of the tube of Fig. 4 into 

which a catheter balloon is inserted, 

Fig. 6 is a partial sectional view of the tube of Fig. 

5 with included stent and catheter, 

Fig. 7 is a partial sectional view of the tube of Fig. 

6 to which fibrin has been added, 

Fig. 8 is a partial sectional view of the tube of Fig. 

7 in which the balloon has been expanded, 

Fig. 9 is an elevational view of the resulting stent 

being removed from the tube of Fig. 8, and 

Fig. 1 0 is an elevational view of the completed stent 

mounted on the balloon of a catheter) ; 

Fig. 11 is a top plan view of a multi-cavity mold for 

making a stent according to the invention; 

Fig. 1 2 is an elevational view of the mold of Fig. 1 1 ; 

Fig. 13 is an elevational view of the mold of Fig. 1 2 

with the top mold halves removed; and 

Fig. 14 is a flowchart of a process for making a fibrin 

stent using the multi-cavity mold of Figs. 1 1 and 12. 

[0027] While the description that follows is concerned 
primarily with fibrin coating, it will be realised that the 
stent used in the fibrin coating procedures may be coat- 
ed as described first with a fibrin/therapeutic agent com- 
posite and subsequently with fibrin. 
[0028] Referring to the accompanying drawings, in 
Fig. 1 there is shown a stent in place on a balloon cath- 
eter. A catheter 1 0 has a balloon 1 5 upon which a stent 
20 has been placed, the stent 20 having a deformable 



metal portion 22 and a fibrin coating 24 thereon. Fig. 2 
shows an alternative stent 30 in which a fibrin film 32 
has been affixed to the underlying metallic framework 
34 by affixing it to the stent 30 by e.g. wrapping the film 
5 32 around the framework 34 and securing the film 32 to 
the framework 34 (i.e. the film is usually sufficiently tacky 
to adhere itself to the framework but an adhesive mate- 
rial could also be used if needed) so that the film 32 will 
stay on the balloon 36 and framework 34 until it is de- 
livered to the site of treatment. The film 32 is preferably 
wrapped over the framework 34 with folds or wrinkles 
that will allow the stent 30 to be readily expanded into 
contact with the wall of the lumen to be treated. 
[0029] Also, for example, a self-expanding stent of re- 
silient polymeric material such as that disclosed in inter- 
national patent application WO 91/1 2779 could be used 
in which fibrin is coated onto the stent or incorporated 
within the polymeric material of the stent. A stent of this 
general configuration is shown in Fig. 3. The stent 40 
has a first set of filaments 42 which are helically wound 
in one direction and a second set of filaments 44 which 
are helically wound in a second direction. Any or all of 
these filaments 42, 44 could be fibrin and/or a blend of 
fibrin with another polymer. The combination of fibrin 
with another polymer may be preferred to provide im- 
proved mechanical properties and manufacturability for 
the individual filaments 42, 44. A suitable material for 
fibrin-containing filaments 42, 44 is the crosslinked 
blend of polyurethane and fibrin used as a vascular graft 
material in the article by Soldani et al., "Bioartificial Pol- 
ymeric Materials Obtained from Blends of Synthetic Pol- 
ymers with Fibrin and Collagen" in International Journal 
of Artificial Organs, Vol. 14, No. 5, 1991 . Other biostable 
or bioerodeable polymers could also be used. A fibrin- 
containing stent of this configuration can be affixed to 
the distal end of a catheter in a longitudinally stretched 
condition which causes the stent to decrease in diame- 
ter. The stent is then delivered through the body lumen 
on the catheter to the treatment site where the stent is 
released from the catheter to allow it to expand into con- 
tact with the lumen wall . A specialized device for deploy- 
ing such a stent is disclosed in US-A-51 92297 (Hull). It 
will be apparent to those skilled in the art that other self- 
expanding stent designs (such as resilient metal stent 
designs) could also be used with fibrin either incorpo- 
rated in the material of the underlying structure of the 
stent or filmed onto the underlying structure of the stent. 
[0030] A preferred method of making a stent accord- 
ing to the present invention is as set forth in Figs. 4-10. 
A stent 50 of the type disclosed in US-A-4886062 (Wik- 
tor) is inserted into a tube 55 which is preferably made 
from a rigid material and which has an inside diameter 
which is large enough to accommodate an unexpanded 
PTCA balloon but which is smaller than a fully inflated 
PTCA balloon. A PTCA balloon 60 attached to a cathe- 
ter 62 and inflation device (not shown) is inserted into 
the stent 50 and tube 55. Fibrinogen at a pH of about 
6.5, suspended in a saline solution, and thrombin are 
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inserted into the tube 55 around the deflated balloon 60 
and stent 50. The amount of thrombin added is not crit- 
ical but preferably will polymerize the fibrinogen to fibrin 
65 in about 5 minutes. After polymerization, the fibrin is 
allowed to crosslink for at least an hour, preferably sev- 
eral hours. The balloon 60 is then inflated to compress 
the fibrin 65 between the balloon 60 and tube 55. The 
balloon 60 is then deflated and removed from the tube 
55. The resulting fibrin stent 70 includes the stent 50 
embedded in a very thin elastic film of fibrin 65. Thefibrin 
stent 70 may then be removed from the tube 55 and 
washed in a buffered saline solution. 
[0031] Further processing of the fibrin stent can also 
be undertaken to neutralize thrombin with PPACK or 
hirudin; to add anticoagulants such as heparin; to further 
facilitate crosslinking by incubation at body temperature 
in a biological buffer such as a solution of blood serum 
buffered by 4-(2-Hydroxyethyl)-1 -piperazineethanesul- 
fonic acid (HEPES); or to add plasticizers such as glyc- 
erol. The resulting fibrin stent can then be placed over 
a balloon, and secured onto the balloon by crimping. 
The stent can then be delivered transluminal^ and ex- 
panded into place in the body lumen by conventional 
procedures. 

[0032] Preferably, heparin is incorporated into the 
stent prior to implantation in an amount effective to pre- 
vent or limit thrombosis. For example, the fibrin stent 
can be immersed in a solution of heparin within 10-30 
minutes prior to implantation. The heparin immersion 
procedure can be conducted in a heparin solution hav- 
ing a concentration of 1000-25000 heparin units/ml. It 
may also be desirable to incorporate heparin into the 
fibrin matrix before it is completely polymerized. For ex- 
ample, after the fibrinogen and thrombin have been 
combined and the resulting fibrin has been shaped but 
within two hours of combining the fibrinogen and 
thrombin, thefibrin is immersed in a solution of heparin. 
Since the fibrin polymerization is largely complete at this 
point, the fibrin can be immersed in heparin solution con- 
taining up to about 20000 units/ml of heparin without 
damaging the integrity of the fibrin structure. Immersion 
times will depend on the concentration of the heparin 
solution and the concentration of heparin desired in the 
fibrin. However, preferably, in a solution of heparin hav- 
ing a concentration of 1 0000-20000 units/ml of heparin, 
an immersion time of 12-24 hours may be used. In yet 
another method for incorporation of heparin in the fibrin, 
the heparin can be included in the fibrinogen or in the 
initial mixture of fibrinogen and thrombin so long as the 
ratio of heparin to fibrinogen is such that the presence 
of the heparin does not lead to a weak fibrin film. Typi- 
cally, less than 50-500 units of heparin can be used in 
a stent which includes 0.003-0.006 grams of fibrin. In 
yet another method for incorporating heparin into the fi- 
brin, powdered heparin can be dusted onto the stent 
during the polymerization process and additional 
thrombin and fibrinogen can then be applied as a coat- 
ing over the heparin. 



[0033] The metal stent portion mentioned above may 
be eliminated to make a fibrin tube which can be placed 
on a balloon catheter and expanded into place in a body 
lumen. The absence of permanently implanted metal el- 

5 ements would allow the entire stent to biodegrade as 
healing is completed in the body lumen. In order to 
achieve sufficient structural support for a stent without 
a metal structu re, it may be desirable to form supporting 
elements from elastin or elastin/fibrin/collagen/fibronec- 

10 tin as replacements for the metal supporting elements. 
If desired, fibrin glue or fibrinogen can also be applied 
to the exterior of thefibrin tube immediately prior to plac- 
ing it into the blood vessel in order to improve its adhe- 
sion to the vessel wall. 

15 [0034] In yet another method for making the fibrin 
stent, thefibrin can be polymerized in a multi-cavity mold 
such as that shown in Figs. 1 1 and 12. The mold 1 00 is 
a three piece mold consisting of first and second mold 
halves 101, 102 and mold base 103. A series of pins 

20 105-108 and screws 110-113 secure the mold pieces 

1 01 -1 03 together. As assembled, the mold halves 1 01 , 

102 define five mold cavities 115a-e. Centrally located 
within each of the mold cavities 1 1 5a-e is a correspond- 
ing pin 1 1 7a-e which is retained in the mold base 1 03. 

25 in the mold base 103 is a series of laterally extending 
air passageways 120a-e which communicate with the 
cavities 1 1 5a-e to allow complete filling of the mold cav- 
ity. The molding surfaces are coated with a polymeric 
slip coating such as PTFE to permit the piece parts to 

30 be removed from the mold cavities after curing. Fig. 1 3 
shows the mold base 103 of Fig. 12 after the mold halves 
101, 1 02 have been removed following the molding op- 
eration. Pins 117a-e are shown surrounded by the mold- 
ed fibrin 121a-e. 

35 [0035] Now referring also to Fig. 14, in operation, a 
stent 1 25 is placed into the mold 1 00 into one of the mold 
cavities 1 1 5a such that the pin 1 1 7a occupies the hollow 
center of the stent 125. A fibrinogen mixture with 
thrombin 130 is made by metering the fibrinogen solu- 

40 tion and thrombin solution into a sterile syringe and then 
moving the plunger of the syringe to mix the solutions. 
For example, 0.5 ml of a fibrinogen solution having a 
concentration of 26 mg/ml can be mixed with 0.125 ml 
of a thrombin solution having a concentration of 1 2 NIH 

45 units/ml. The mixture 130 is then injected into the bottom 
of the cavity 1 1 5a of the mold 1 00 to fill the cavity 1 1 5a 
and encompass the stent 125. The mixture 130 is then 
allowed to cure. With the mixture indicated above, the 
curing interval should be at least two hours. Once the 

50 mixture 1 30 has clotted, sterile water may be applied by 
spraying onto the mold 100 to prevent the fibrin from 
drying out. When cured, the molded preform 140 com- 
prising the stent 125 and the cured mixture 130 is re- 
moved from the mold 100 by removing the mold base 

55 1 03 and pulling the molded preform 140 from the pin 
1 1 7a. Since the pin 117 is coated with PTFE, the cured 
mixture 130 does not adhere to the pin 117a and the 
molded preform 1 40 can be removed by carefully push- 
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ing the preform from the bottom of pin 1 1 7 a using a plas- 
tic tweezers. If required, excess fibrin can be trimmed 
from the preform 1 40 at this point or trimming can take 
place at a later stage of processing where the fibrin is 
stronger. The preform 140 can then be further 
crosslinked by treating it in a buffer solution 145 which 
may optionally contain crosslinking agents such as Fac- 
torXllla. For example, the buffer 145 could beatris buff- 
er with a pH of 7.4 with the preform 1 40 immersed in the 
tris buffer for at least five hours. Preferably, a solution 
of heparin 135 is also included in the mixture 130. The 
mixture 130 with heparin 135 is then injected into the 
cavity 1 1 5a of the mold 1 00 and allowed to cure. Alter- 
natively, immediately after the preform 140 is removed 
from the mold 1 00, the preform 1 40 can be immersed in 
a heparin solution. After crosslinking, the preform 140 
undergoes an additional molding stage in a cavity of a 
second mold 150 in which pressure 155 is applied to 
provide the final form of the fibrin stent 1 60. For exam- 
ple, the mold can simply be a polycarbonate tube and 
the preform 1 40 can be placed over the balloon of a bal- 
loon catheter and into the tube. The balloon is then slow- 
ly inflated causing the preform 1 40 to be pressed against 
the sides of the tube. The effect of the expansion and 
pressure on the fibrin is to stretch it and thin it because 
of the viscoelastic properties of the fibrin. Because fibrin 
is such a fragile material, it is important to control the 
expansion by slow expansion to prevent the fibrin from 
tearing and also to provide a stent with the proper di- 
mensions for expansion in vivo without tearing. For ex- 
ample, the preform 140 may have an internal diameter 
of about 2.7 mm and may be placed on a 3.5 mm balloon 
and into a mold 150 having a 3.4 mm internal diameter. 
The balloon can then be expanded slowly at one atmos- 
phere increments until a pressure of about six atmos- 
pheres is achieved. Pressure 1 55 is then typically main- 
tained on the fibrin stent 1 60 inside the second mold 1 50 
for a short period of time in order to set the fibrin stent 
160 into its final shape. Typically thirty minutes at six 
atmospheres of pressure is sufficient. Upon release of 
pressure in the balloon, the balloon and fibrin stent 1 60 
can be withdrawn from the mold 150. If the fibrin stent 
160 is to be packaged and shipped dry, it can then be 
dehydrated 1 70 by well known methods such as air dry- 
ing, ethanol dehydration or lyophilization and packaged 
1 80 for storage and use. Typically, after packaging 1 80 , 
the fibrin stent 1 60 is sterilized 1 90 by gamma or elec- 
tron beam sterilization. It will be readily appreciated that 
a fibrin stent with an attached metallic framework can 
be readily provided by this molding method. 
[0036] Sterilization of the fibrin stent can be accom- 
plished by starting with sterile, virus-free materials and 
manufacturing the device under sterile processing con- 
ditions. The sterile processing conditions include man- 
ufacturing the device under standard clean room condi- 
tions and ending the manufacturing process with a final 
sterilization step. The final sterilization step would ex- 
pose the packaged device to radiation, preferably gam- 



ma radiation, at a level sufficient to cause disruption of 
microorganism DNA. This can be accomplished at an 
approximately 2.5 M Rad gamma ray dosage. A suitable 
gamma ray source can be e.g. cobalt-60 or cesium-1 37. 

5 Another suitable form of radiation can be electron beam 
radiation. The packaged device configuration at irradia- 
tion can be either dry or wet i.e. with the fibrin stent in 
the package in a dehydrated state or in a wet pack pack- 
age where the fibrin is maintained in a 100% relative 

10 humidity environment until end use. 

[0037] Ratios mentioned herein are by weight unless 
otherwise specified. 



15 Claims 

1 . A drug eluting intravascular stent (20) comprising a 
generally cylindrical stent body (22) and a solid 
composite of fibrin and a therapeutic substance in 

20 an adherent layer on the stent body, characterised 
in that said stent further comprises fibrin in an ad- 
herent layer (24) on the composite. 

2. A stent as claimed in claim 1 wherein the said body 
25 (22) has a metal surface. 

3. A stent as claimed in claim 1 wherein said stent 
body (22) has a polymeric surface. 

30 4. A stent as claimed in any one of claims 1 to 3 where- 
in said solid composite comprises a plurality of lay- 
ers. 

5. A stent as claimed in claim 4 wherein the ratio of 
35 therapeutic substance to fibrin is not the same in all 

said layers. 

6. A stent as claimed in any one of claims 1 to 5 where- 
in the ratio of therapeutic substance to fibrin in said 

40 solid composite is in the range of 10:1 to 1 :100. 

7. A stent as claimed in any one of claims 1 to 6 where- 
in said therapeutic substance is selected from glu- 
cocorticoids, heparin, hirudin, tocopherol, angi- 

45 opeptin, aspirin, ACE inhibitors, growth factors, ol- 
igonucleotides, antiplatelet agents, anticoagulant 
agents, antimitotic agents, antioxidants, antimetab- 
olite agents, and anti-inflammatory agents. 

50 8. A method of producing a drug eluting intravascular 
stent (20) as claimed in claim 1 , said method com- 
prising the steps of: 

(a) providing a generally cylindrical stent body 
55 (22); 

(b) forming on said stent body (22) a layer of a 
solid composite of fibrin and therapeutic sub- 
stance; and 
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(c) forming over said composite a layer of fibrin 
(24). 

9. A method as claimed in claim 8 wherein said layer 
of solid composite is formed by: 

(a) applying to said stent body (22) a solution 
which comprises a solvent, fibrin dissolved in 
said solvent and a therapeutic substance dis- 
persed in said solvent; and 

(b) evaporating said solvent to form a compos- 
ite of fibrin and therapeutic substance. 

10. A method as claimed in claim 9 wherein said solu- 
tion is applied by spraying. 

11. A method as claimed in either of claims 9 and 10 
wherein a said solution is applied in a plurality of 
application and evaporation steps. 

12. A method as claimed in claim 11 wherein the ratio 
of therapeutic substance to dissolved fibrin in said 
solution is not the same in all of said plurality of ap- 
plication steps. 

13. A method as claimed in claim 8 wherein said layer 
of solid composite is formed by: 

(a) applying to said stent body (22) a solution 
which includes fibrinogen; 

(b) applying thrombin to the fibrinogen on the 
stent body to effect polymerization of the fibrin- 
ogen; and 

(c) applying a therapeutic substance to the fi- 
brinogen as the fibrinogen is polymerizing. 

14. A method as claimed in claim 8 wherein said layer 
of solid composite is formed by: 

(a) applying to said stent body (22) a solution 
which includes fibrinogen and a dispersed ther- 
apeutic substance; and 

(b) applying thrombin to the fibrinogen on said 
stent body to effect polymerization of the fibrin- 
ogen. 

15. A method as claimed in any one of claims 8 to 14 
wherein said layer of fibrin (24) is formed by molding 
a polymerization mixture of fibrinogen and thrombin 
onto said composite. 



Patentanspruche 

1 . Wirkstoff eluierender intravaskularer Stent (20) mit 
einem im wesentlichen zylinderformigen Stentkor- 
per (22) und einem Feststoffgemisch von Fibrin und 
einertherapeutischen Substanz in einer haftenden 



Schicht auf dem Stentkorper, dadurch gekenn- 
zeichnet, daft der Stent daruber hinaus Fibrin in ei- 
ner haftenden Schicht (24) auf dem Gemisch auf- 
weist. 

5 

2. Stent nach Anspruch 1 , wobei der Korper (22) eine 
Metalloberflache aufweist. 

3. Stent nach Anspruch 1 , wobei der Stentkorper (22) 
10 eine Polymeroberflache aufweist. 

4. Stent nach einem der Anspruche 1 bis 3, wobei das 
Feststoffgemisch eine Mehrzahl von Schichten auf- 
weist. 

15 

5. Stent nach Anspruch 4, wobei das Verhaltnis von 
therapeutischer Substanz zu Fibrin nicht in alien 
Schichten gleich ist. 

20 6. Stent nach einem der Anspruche 1 bis 5, wobei das 
Verhaltnis von therapeutischer Substanz zu Fibrin 
in dem Feststoffgemisch in dem Bereich von 10:1 
bis 1:100 liegt. 

25 7. Stent nach einem der Anspruche 1 bis 6, wobei die 
therapeutische Substanz ausgewahlt ist aus Gluco- 
corticoiden, Heparin, Hirudin, Tocopherol, Angio- 
peptin, Aspirin, ACE-Hemmstoffen, Wachstumsfak- 
toren, Oligonukleotiden, Antiblutplattchenmitteln, 

30 Antigerinnungsmitteln, antimitotischen Mitteln, An- 
tioxidantien, Antimetabolitmitteln und antientzund- 
lichen Mitteln. 

8. Verfahren zur Herstellung eines Wirkstoff eluieren- 
35 den intravaskularen Stents (20) nach Anspruch 1 , 

wobei das Verfahren diefolgenden Schritte umfaBt: 

(a) Bereitstellen eines im wesentlichen zylin- 
derformigen Stentkorpers (22), 

40 

(b) Bilden einer Schicht aus einem Feststoffge- 
misch von Fibrin und therapeutischer Substanz 
auf dem Stentkorper (22), und 

45 (c) Bilden einer Fibrinschicht (24) uber dem Ge- 

misch. 

9. Verfahren nach Anspruch 8, wobei die Feststoffge- 
mischschicht gebildet wird durch 

50 

(a) Aufbringen einer Losung auf den Stentkor- 
per (22), die ein Losungsmittel, in dem L6- 
sungsmittel gelostes Fibrin und eine in dem Lo- 
sungsmittel dispergierte therapeutische Sub- 

55 stanz aufweist, und 

(b) Verdampfen des Losungsmittels, urn ein 
Gemisch aus Fibrin und therapeutischer Sub- 
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stanz zu bilden. 

10. Verfahren nach Anspruch 9, wobei die Losung 
durch Spruhen aufgetragen wird. 

11. Verfahren nach einem der Anspruche 9 und 10, wo- 
bei die Losung in einer Mehrzahl von Aufbringungs- 
und Verdampfungsschritten aufgetragen wird. 

12. Verfahren nach Anspruch 11 , wobei das Verhaltnis 
von therapeutischer Substanz zu gelostem Fibrin in 
der Losung nicht in alien der Mehrzahl von Aufbrin- 
gungsschritten das gleiche ist. 

13. Verfahren nach Anspruch 8, wobei die Feststoffge- 
mischschicht gebildet ist durch 

(a) Aufbringen einer Losung auf den Stentkor- 
per (22), die Fibrinogen enthalt, 

(b) Aufbringen von Thrombin auf das Fibrino- 
gen auf dem Stentkorper, um eine Polymerisa- 
tion des Fibrinogens zu bewirken, und 

(c) Aufbringen einer therapeutischen Substanz 
auf das Fibrinogen, wahrend das Fibrinogen 
polymerisiert. 

14. Verfahren nach Anspruch 8, wobei die Feststoffge- 
mischschicht gebildet ist durch 

(a) Aufbringen einer Losung auf den Stentkor- 
per (22), die Fibrinogen und eine dispergierte 
therapeutische Substanz enthalt, und 

(b) Aufbringen von Thrombin auf das Fibrino- 
gen auf dem Stentkorper, um eine Polymerisa- 
tion des Fibrinogens zu bewirken. 

15. Verfahren nach einem der Anspruche 8 bis 14, wo- 
bei die Fibrinschicht (24) durch Formen einer Poly- 
merisationsmischung aus Fibrinogen und Trombin 
auf dem Gemisch gebildet wird. 



Revendications 

1. Stent intravasculaire eluant un medicament (20) 
comprenant un corps de stent generalement cylin- 
drique (22) et un composite solide de fibrine et une 
substance therapeutique dans une couche adhe- 
rente sur le corps de stent caracterise en ce que 
ledit stent comprend, en outre, de la fibrine dans 
une couche adherente (24) sur le composite. 

2. Stent selon la revendication 1 , dans lequel ledit 
corps (22) a une surface metallique. 



3. Stent selon la revendication 1 , dans lequel ledit 
corps de Stent (22) a une surface polymere. 

4. Stent selon Tune quelconque des revendications 1 
5 a 3, dans lequel ledit composite solide comprend 

plusieurs couches. 

5. Stent selon la revendication 4, dans lequel le ratio 
de la substance therapeutique sur la fibrine n'est 

10 pas identique dans toutes lesdites couches. 

6. Stent selon Tune quelconque des revendications 1 
a 5, dans lequel le ratio de la substance therapeu- 
tique sur la fibrine dans ledit composite solide est 

15 compris entre 10:1 et 1 : 100. 

7. Stent selon Tune quelconque des revendications 1 
a 6, dans lequel ladite substance therapeutique est 
choisie parmi les glucocorticoi'des, I'heparine, I'hi- 

20 rudine, le tocopherol, I'angiopeptine, I'aspirine, les 
inhibiteurs d'ACE, les facteurs de croissance, les 
oligonucleotides, les agents antiplaquettaires, les 
agents anticoagulants, les agents antimitotiques, 
les antioxydants, les agents antimetaboliques, et 
25 les agents anti-inflammatoires. 

8. Procede de fabrication d'un stent intravasculaire 
eluant un medicament (20) tel que revendique dans 
la revendication 1, ledit procede comprenant les 

30 etapes consistant a : 

a) pourvoir un corps de stent generalement cy- 
lindrique (22) ; 

b) former sur ledit corps de stent (22) une cou- 
35 che d'un composite solide de fibrine et d'une 

substance therapeutique ; et 

c) former sur ledit composite une couche de fi- 
brine (24). 

40 9. Procede selon la revendication 8, dans lequel ladite 
couche de composite solide est formee par : 

a) application sur ledit corps de stent (22), 
d'une solution qui comprend un solvant, de la 

45 fibrine dissoute dans ledit solvant et une subs- 

tance therapeutique dispersee dans ledit 
solvant ; et 

b) evaporation dudit solvant pour former un 
composite de fibrine et de substance therapeu- 

50 tique. 

10. Procede selon la revendication 9, dans lequel ladite 
solution est appliquee par pulverisation. 

55 11. Procede selon I'une quelconque des revendications 
9 et 1 0, dans lequel ladite solution est appliquee se- 
lon plusieurs etapes d'application et d'evaporation. 
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12. Procede selon la revendication 1 1 dans lequel le ra- 
tio de la substance therapeutique sur la fibrine dis- 
soute dans ladite solution n'est pas identique dans 
toutes lesdites multiples etapes d'application. 

13. Procede selon la revendication 8, dans lequel ladite 
couche de composite solide est,formee par : 

a) application sur ledit corps de stent (22) d'une 
solution qui comprend du fibrinogene ; 10 

b) application de thrombine sur le fibrinogene 
present sur le corps de stent pour realiser la 
polymerisation du fibrinogene ; et 

c) I'application d'une substance therapeutique 
sur lefibrinogene au cours de la polymerisation 15 
du fibrinogene. 

14. Procede selon la revendication 8, dans lequel ladite 
couche de composite solide est formee par ; 

20 

a) application sur ledit corps de stent (22) d'une 
solution qui comprend du fibrinogene et une 
substance therapeutique dispersee ; et 

b) application de thrombine sur le fibrinogene 
present sur ledit corps de stent pour realiser la 25 
polymerisation du fibrinogene. 

15. Procede selon I'unequelconque des revendications 
8 a 1 4, dans lequel ladite couche de fibrine (24) est 
formee par moulage du melange de polymerisation 30 
du fibrinogene et de la thrombine sur ledit compo- 
site. 
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